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milligram (s) 
square mile(s) 
milliliter(s) 
millimeter(s) 
nanocuries per square meter_..| 2.59 mCi/mi? 
picocurie(s) 10— curie =2.22 dpm 
roentgen 








100 ergs/g 








The mention of commercial products is not to be construed as either an actual 
or implied endorsement of such products by the Environmental Protection 
Agency. 

























= 3 
. f : 
. a Z i 
: = ‘ 
. . : r ; 
: ee Sie ; : f F z 
‘ 3 “ e? 
. a i : 
‘ a ‘tae 4 7 c : 
” s ‘ E : 
¥ +. 
‘ > % “ ’ a 7 a : 3 : - i > 
“ : : * me ae A ! * " : ‘ ‘ 
. Od ese ns =, ee be : / : : 
; f : * ¥ ; f : : 
« : i . 4 ; i ae oa a : : 
, ee Pee ; . : a | ; | 
; * . z i | 
y . . : is ; : 
a - ‘ ‘ * . R xi i a ip : 
. - 8 z s t ae ne je f . - : 
. sf ; | 
eae “ ‘ a : : * " ee : | 
’ 
| a a ~a 
. e f 
> 4 : ‘ 
| oo . 
. . ™ : | | | 
| . Se . * ; 
. 7 ° 
. > ; ; | . 
. ° - oo | 
| | ; i ~-* . 
‘ : ace enerige—e i : 
. 7 : : 7 
* rt * $ . ? - : . 
: . ‘ Yi F < 
| | 4 
- os F >: fe a : . 
| ; t ‘ 5 
. ” J : ; : | 
+. * er : , 
. < ; : 
. . 4 
2 «4 ‘ : ) 7 
: 4 . 5 dl i 7 : 
en pigee + * . , ; / x : , | : 
ee , . > é : : 
* . e ; : | | 
» . : : : : : | 
+ cae f ; 
} : 5 ; i . : : 
* 4 Pres ry 4 a “| a ‘ 1 <4 SE “i & ‘ ; 
* ' , | 
* <a Z : c : 
. EA : ~ . : t . e , 
| a ; : . ; “ r 
. i, « 4 ‘ z , 
4 a | | | 
. * ia r ae s ° : ; | 
. 
i | | iz : on F 
. ben as z . Z : : : . 
. . . ’ . ‘ * ¢ = ; 
. # <2 . me . . 
; - 
| i 1 . 
. * . . 0 ee fi a | 
’ . - . i : 
z : . : | 
on” Mi F ” ray : ’ 
. . rs 4 Y : : 
« = % 
. . 
: ; x * ” . 2 
Regina : : Z : | 
: . 
fs é 





RADIOLOGICAL HEALTH 
DATA AND REPORTS 


Volume 12, Number 2, February 1971 





Radiological Health Data and Re- CONTENTS 
ports, a monthly publication of the 
Environmental Protection Agency, 
presents data and reports provided by 
Federal, State, and foreign govern- 
mental agencies, and other cooper- 
ating organizations. Pertinent original 
data and interpretive manuscripts are | Editorial 
invited from investigators. 

In August 1959, the President di- 
rected the Secretary of Health, Edu- 
cation, and Welfare to intensify De- REPORTS 
partmental activities in the field of 
radiological health. The Department 


was assigned responsibility within the | The Uptake of Cerium-144, Promethium-147, and Plutonium- 
Executive Branch for the collation, , 
238 by Oat Plants from Soils 


analysis, and interpretation of data 
on environmental radiation levels. S. L. Cummings and L. Bankert 


This responsibility was delegated to 
the Bureau of Radiological Health, 
Public Health Service. Pursuant to 
the Reorganization Plan No. 3 of 1970, DATA 
effective December 2, 1970, this re- 
sponsibility was transferred to the 
Radiation Office of the Environmental SECTION I. MILK AND FOOD 
Protection Agency which was estab- 
lished by this reorganization. 

The Federal agencies listed below : ' 
appoint their representatives to a | Milk Surveillance, October 1970 
Board of Editorial Advisors. Mem- 
bers of the Board advise on general 
publications policy; secure appro- 
priate data and manuscripts from 
their agencies; and review those con- , , : sey ; 
tents which relate to the special func- 1. Radionuclides in Institutional Diet Samples, July— 
tions of their agencies. September 1970 
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MISSION: ENVIRONMENTAL 


The National Environmental Policy Act of 1969, Public Law 91-190, provides for the 
development of reports on governmental actions that may have impact on the environment, 
for the accumulation of data and other information for a continuing analysis of changes or 
trends, and for an interpretation of their underlying causes. 


Radiological Health Data and Reports was established within the Department of Health, 
Education, and Welfare in response to a Presidential directive of 1959, providing for the 
collation, analysis, and interpretation of data on environmental radiation levels. Pursuant 
to Reorganization Plan No. 3 of 1970, these responsibilities were transferred to the En- 
vironmental Protection Agency. 


Now in its twelfth year of publication, Radiological Health Data and Reports has served 
governmental agencies, scientific and technical communities, and the public as a qualified 
source of information in its field, and as a useful record of trends in environmental radiation 
and its impact on the population. 


In projecting future directions for Radiological Health Data and Reports, we take into 
consideration the anticipated growth of nuclear power operations and related activities. We 
also recognize the interrelationship of all forms of environmental hazard. The role of this 
journal may well be enlarged to provide a continuing record of data that will help qualified 
investigators to evaluate the total impact of environmental hazards in a highly complex 
technological society. 


Any future expanded role of Radiological Health Data and Reports will develop as we pro- 
gress in formulating systematic procedures to correlate the findings of studies and surveys 
relating to ecological systems and environmental quality. In pursuit of these aims, the co- 
operation of investigators at all levels of government, and that of other involved organi- 
zations, will be sought. 


We look forward to continued, responsible service in providing competent information 
about activities relating to the quality of the environment. 


Willa 4) Kivlbeteblaria 


William D. Ruckelshaus 
Administrator 
Environmental Protection Agency 
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Reports 


The Uptake of Cerium-144, Promethium-147, and Plutonium-238 


by Oat Plants from Soils 


S. L. Cummings and L. Bankert! 


The uptakes of cerium-144, promethium-147, and plutonium-238 by oat 
plants were determined for nine soils, and promethium-147 and plutonium-238 
uptakes were compared with cerium-144 uptake. The percentage uptake values 
for all three radionuclides were very low, ranging from 10~-* to 10-* percent. 
Nitrogen and potassium fertilizers increased the uptake of promethium-147 
by oat plants from an Amite soil. Because the amount of cerium-144, pro- 
methium-147, and plutonium-238 taken up by plants from soils is very small, 
the health hazards to man by the soil-plant-man pathway from these radio- 
nuclides will probably be negligible at the levels used in this study. 


With the uses and proposed uses of radio- 
nuclides as heat sources in auxiliary space bat- 
teries, it is important to know to what extent 
these radionuclides will be taken up from soils by 
plants in the event a land area becomes con- 
taminated from an abortive flight. Two radio- 
nuclides of interest for which very limited in- 
formation is available on plant uptake from 
soils are promethium-147 and plutonium-238 
(1,2). 

Since sample preparation for counting pluto- 
nium-238 (primarily an alpha emitter) and 
promethium-147 (primarily a beta emitter) in- 
volves much more time than for gamma-emitting 
radionuclides and since the maximum permissible 
body burden of plutonium-238 is quite low, it 
would be advantageous to be able to relate 
promethium-147 and plutonium-238 uptake by 
plants from soils to some radionuclide, e. g., 
cerium-144, that is easily prepared for counting 
and much less hazardous to handle when per- 
forming plant uptake experiments. Therefore, the 
objectives of this study were to determine to what 


1 Mr. Cummings and Mr. Bankert are with Environmental 
Protection Agency, Radiation Office, Southeastern Radio- 
logical Health Laboratory, P.O. Box 61, Montgomery, Ala. 
36101. 
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extent promethium-147 and plutonium-238 are 
taken up from different soils and to see if this 
uptake could be related to cerium-144 uptake. 


Materials and methods 


Properties and collection locations of the soils 
used in this investigation are given in table 1. 
One-pint plastic cottage cheese containers (80 
cm? surface area) were used to contain the soils 
for the plant uptake experiments. The containers 
were partially filled with soil leaving approxi- 
mately 1 cm of space at the top. The activity 
(100 pCi of cerium-144 chloride, 100 yCi of pro- 
methium-147 chloride, and 50 uCi of plutonium- 
238 nitrate solution) was uniformly applied to the 


Table 1. Soil properties 
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soil surface of the partially filled container and 
additional soil added so that the activity was 1 em 
below the soil surface (3). Each soil was replicated 
three times for each radionuclide. One soil (Amite) 
was used to determine the effect of nitrogen, 
phosphorus, and potassium on the uptake of pro- 
methium-147. Nitrogen, phosphorus, and potas- 
sium salts, separately and in combination, were 
thoroughly mixed with the soil. Thirty oat seeds 
(Avena sativa var. Suregrain) were planted in each 
container. Oats were chosen as an indicator crop 
because of their rapid growth and thinned to 20 
plants after emergence. The containers were ran- 
domly placed in a controlled environment cham- 
ber maintained at day and night temperatures of 
25° and 18° C, respectively, and day and night 
relative humidities of 62 and 75 percent, respec- 
tively, with a 14-hour photoperiod. Soil moisture 
tension was adjusted to 0.1 bar by daily watering. 
Shoots of all plants were collected 3 weeks after 
planting. Cerium-144 was determined by gamma 
spectroscopy on dried samples (70° C). Pro- 
methium-147 and plutonium-238 levels were de- 
termined with an internal proportional counter 
after the plants had been dry ashed. The soil 
cation exchange capacity, organic matter content, 
and pH (1:1 soil-water ratio) were determined by 
previously published procedures (3,4). 


Results and discussion 


The percentage uptakes of cerium-144, pro- 
methium-147, and plutonium-238 by oat plants 
from all soils were very low (table 2). Some of 


Table 2. Percentage uptake of cerium-144, 
promethium-147, and plutonium-238 by oat plants 


Percentage uptake® 


these values were as much as six orders of magni- 
tude lower than strontium-85 and cesium-137 
oat plant percentage uptakes from the same soils 
(3). The uptake of cerium-144 was greater than 
promethium-147 from six of the nine soils and 
greater than plutonium-238 from all nine soils. 
These results are in general agreement with 
previous work (1,2). 

The linear correlation coefficient of pro- 
methium-147 uptake with respect to cerium-144 
uptake was 0.95 and plutonium-238 uptake with 
respect to cerium-144 uptake was 0.47. The 
relationship between cerium-144 and promethium- 
147 is quite good and much better than the 
cerium-144 and plutonium-238 relationship. Al- 
though these results are for a limited number of 
soils, they can be used as a guide to future plant 
uptake studies with these radionuclides. Addi- 
tional work with more soils will help verify these 
results. 

An Amite soil was used to determine the effect 
of nitrogen, phosphorus, and potassium fertilizer 
salts on oat plant uptake of promethium-147 
because of the limited amount of this type of 
information available for this radionuclide (5). 
The results are given in table 3. Nitrogen and 
potassium fertilization increased promethium-147 
uptake while phosphorus had no significant 
effect. Nitrogen had a greater enhancing effect 
than did potassium for this particular soil. 

Because the soil-to-plant as well as the food-to- 
man (6) transfer of these three radionuclides is 
very small, the possible health hazards to man 
from this pathway would likely be negligible 


Table 3. The effect of nitrogen, phosphorus, and 
potassium on the percentage uptake of 
promethium-147 by oat plants from an 
Amite soil 





Application rate : 
(kg /hectare) Percentage uptake* Plant weight 
( X10~4) 





Soil series 
| Promethium- | Plutonium- 
14 238 


( X10~4) 


(<1074) 


OS 
Rlanton (Florida) _------ | 
Lakeland (Florida)__--- 
Adamsville (Florida) - —- 
Ruskin (Florida)... ---- 


0.33 40. | 0.07+0.01 
3.1 4&1. * 2. 
| 
| 
| 


6 +1. 


Ochlockonee (Alabama) __| 
Amite (Alabama) __._~ ~~ 


* Percentage uptake is the ratio of the activity in all the plants to the 
total activity applied to the soil times 100. 
> Plus or minus | standard deviation. 


84 


(mg dry weight) 














* Percentage uptake is the ratio of the activity in all the plants to the 
total activity applied to the soil times 100, 

» Plus or minus 1 standard deviation. 

¢ Ammonium nitrate. 

4 Potassium chloride, 

e Sodium dihydrogen phosphate. 

f Potassium dihydrogen phosphate. 
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at the levels used in this study. This statement 
may not apply to root crops, which preliminary 
studies indicate may retain certain isotopes in 


greater concentrations than the above ground 
portion. 


2 Personal communication from the Southwestern Radio- 
logical Health Laboratory, January 14, 1971. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, October 1970 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an indica- 
tor of the general population’s intake of radio- 
nuclide contaminants resulting from environ- 
mental releases. Fresh milk is consumed by a large 
segment of the population and contains several of 
the biologically important radionuclides that may 
be released to the environment from nuclear 
activities. In addition, milk is produced and 
consumed on a regular basis, is convenient to 
handle and analyze, and samples representative 
of general population consumption can be readily 
obtained. Therefore, milk sampling networks have 
been found to be an effective mechanism for 
obtaining information on current radionuclide 
concentrations and long-term trends. From such 
information, public health agencies can determine 
the need for further investigation or corrective 
public health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Radiation Office, Environmental 
Protection Agency, and the Office of Compliance, 
Food and Drug Administration, U.S. Public 
Health Service, consists of 63 sampling stations; 
61 located in the United States, one in Puerto 
Rico, and one in the Canal Zone. Many of the 
State health departments also conduct local milk 
surveillance programs which provide more com- 
prehensive coverage within the individual State. 
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Data from 15 of these State networks are re- 
ported routinely in Radiological Health Data and 
Reports. Additional networks for the routine sur- 
veillance of radioactivity in milk in the Western 
Hemisphere and their sponsoring organizations 
are: 


Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. En- 
vironmental Protection Agency)—5 sampling 
stations 


Canadian Milk Network (Radiation Protection 
Division, Canadian Department of National 
Health and Welfare)—16 sampling stations 


The sampling locations that make up the networks 
presently reporting in Radiological Health Data and 
Reports are shown in figure 1. Based on the 
similar purpose for these sampling activities, the 
present format integrates the complementary 
data that are routinely obtained by these several 
milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that are 
formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
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Figure 1. Milk sampling networks in the Western Hemisphere 
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radiocontaminants are eliminated by the selective 
metabolism of the cow, which restricts gastro- 
intestinal uptake and secretion into the milk. The 
five fission-product radionuclides which commonly 
occur in milk are strontium-89, strontium-90, 
iodine-131, cesium-137, and barium-140. A sixth 
radionuclide, potassium-40, occurs naturally in 
0.0118 percent (2) abundance of the element po- 
tassium, resulting in a specific activity for po- 
tassium-40 of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
metabolically similar radionuclides  (radio- 
strontium and radiocesium, respectively). The 
contents of both calcium and potassium in milk 
have been measured extensively and are relatively 
constant. Appropriate values and their variations, 
expressed in terms of 2-standard deviations (2c), 
for these elements are 1.16 + 0.08 g/liter for 
calcium and 1.51 + 0.21 g/liter for potassium. 
These figures are averages of data from the PMN 
for May 1963—March 1966 (3) and were deter- 
mined for use in general radiological health 
calculations or discussions. 


Table 1. 


Accuracy of data from various milk networks 


In order to combine data from the international, 
national, and State networks considered in this 
report, it was first necessary to determine the 
accuracy with which each laboratory is making 
its determinations and the agreement of the 
measurements among the laboratories. The Ana- 
lytical Quality Control Service of the Radiation 
Office conducts periodic studies to assess the accu- 
racy of determinations of radionuclides in milk 
performed by interested radiochemical labora- 
tories. The generalized procedure for making such 
a study has been outlined previously (4). 

The most recent study was conducted during 
May-July 1970, with 28 laboratories participating 
in an experiment on milk samples containing 
known concentrations of strontium-89, strontium- 
90, iodine-131, cesium-137, and barium-140 (5). 
Of the 20 laboratories producing data for the 
networks reporting in Radiological Health Data 
and Reports, 13 participated in the experiment. 
The accuracy results of this experiment are shown 
in table 1. In general, considerable improvement is 
needed, especially in the accuracy measurements. 


Distribution of mean results, quality control experiment 





Isotope and 
known 


Number of laboratories in each category 





concentration 
Acceptable* 


Warning level> Unacceptablee 





Strontium-90: Intermediate 13 


7 (44%) 
11 (69%) 


1 (6%) 8 
3 (19% 2 


(57%) 4 (17%) 6 
(79.4 pCi/liter) 
Low (25%) 4 (20%) 11 
(32.0 pCi/liter) 


Iodine-131: High 


—_ (67%) 
pod pCi/liter) 


(64%) 


(7%) 


(12%) (24%) 


Cesium-137: High 


- (74%) 
(259 pCi/liter) 


(66%) 


(11%) 
(19%) 


(15% 


(15%) 


Low 
(53 pCi/liter) 


Barium-140: High (67%) 
(302 pCi/liter) 
Low (92%) 
(33 pCi/liter) 


(7% 


(26%) 


(8%) 

















* Measured concentration less than or equal to 2¢ of the known concentration. 
> Measured concentration greater than 2¢ and less than or equal to 3¢ of the known concen- 
tration. 


© Measured concentration greater than 3¢ of the known concentration. 
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These possible differences should be kept in mind 
when considering the integration of data from the 
various networks. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding of 
several parameters is useful for interpreting the 
data. Therefore, the various milk surveillance 
networks that report regularly were surveyed for 
information on analytical methods, sampling and 
analysis frequencies, and estimated analytical 
errors associated with the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, and 
the gamma-ray emitters (potassium-40, iodine-131, 
cesium-137, and barium-140) are determined by 
gamma-ray spectroscopy of whole milk. Each 
laboratory has its own modifications and refine- 
ments of these basic methodologies. The methods 
used by each of the networks have been referenced 
in earlier reports appearing in Radiological Health 
Data and Reports. 

A previous article (6) summarized the criteria 
used by the State networks in setting up their 
milk sampling activities and their sample collec- 
tion procedures as determined during a 1965 
survey. This reference and an earlier data article 
for the particular network of interest may be con- 
sulted should events require a more definitive 
analysis of milk production and milk consumption 
coverage afforded by a specific network. 

Many networks collect and analyze samples on 
a monthly basis. Some collect samples more 
frequently but composite the several samples for 
one analysis, while others carry out their analyses 
more often than once a month. Many networks 
are analyzing composite samples on a quarterly 
basis for certain nuclides. The frequency of 
collection and analysis varies not only among 
the networks but also at different stations within 
some of the networks. In addition, the frequency 
of collection and analysis is a function of current 
environmental levels. The number of samples 
analyzed at a particular sampling station under 
current conditions is reflected in the data presenta- 
tion. Current levels for strontium-90 and cesium- 
137 are relatively stable over short time periods, 


90 


and sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine-131, 
the frequency of analysis is critical and is generally 
increased at the first measurement or recognition 
of a new influx of this radionuclide. 

The data presentation also reflects whether raw 
or pasteurized milk was collected. An analysis of 
raw and pasteurized milk samples collected 
during January 1964 to June 1966 indicated that 
for relatively similar milkshed or sampling areas, 
the differences in concentrations of radionuclides 
in raw and pasteurized milk are not statistically 
significant (7). Particular attention was paid 
to strontium-90 and cesium-137 in that analysis. 

Practical reporting levels were developed by the 
participating networks, most often based on 2- 
standard deviation counting errors or 2-standard 
deviation total analytical errors from replicate 
analyses (3). The practical reporting level reflects 
analytical factors other than statistical radio- 
activity counting variations and will be used 
as a practical basis for reporting data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels are given as equal to or 
less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 








Some of the networks gave practical reporting 
levels greater than those above. In these cases, the 
larger value is used so that only data considered 
by the network as meaningful will be presented. 
The practical reporting levels apply to the han- 
dling of individual sample determinations. The 
treatment of measurements equal to or below 
these practical reporting levels for calculation 
purposes, particularly in calculating monthly 
averages, is discussed in the data presentation. 

Analytical error or precision expressed as pCi/ 
liter or percent in a given concentration range 
have also been reported by the networks (3). 
The precision errors reported for each of the 
radionuclides fall in the following ranges: 
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Analytical errors of precision 
(2-standard deviations) 

1-5 pCi/liter for levels <50 
pCi/liter; 

5-10% for levels >50 pCi/liter; 

1-2 pCi/liter for levels <20 
pCi/liter; 

4-10% for levels >20 pCi/liter; 

4-10 pCi/liter for levels <100 
pCi/liter; 

4-10% for levels > 100 pCi/liter. 


Radionuclide 
Strontium-89 





Strontium-90 


Iodine-131 
Cesium-137 
Barium-140 


For iodine-131, cesium-137, and barium-140, there 
is one exception for these precision error ranges: 
25 pCi/liter at levels <100 pCi/liter for Colorado. 
This is reflected in the practical reporting level 
for the Colorado milk network. 


Federal Radiation Council guidance applicable to 
milk surveillance 


In order to place the U.S. data on radioactivity 
in milk presented in Radiological Health Data and 


Reports in perspective, a summary of the guidance 
provided by the Federal Radiation Council for 
specific environment conditions was presented in 
the December 1970 issue of Radiological Health 
Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations which 
are routinely reported to Radiological Health 
Data and Reports. The relationship between the 
PMN stations and the State stations is shown in 
figure 2. The first column under each of the 
radionuclides reported gives the monthly average 
for the station and the number of samples analyzed 
in that month in parentheses. When an in- 
dividual sampling result is equal to or below 
the practical reporting level for the radionuclide, 
a value of zero is used for averaging. Monthly 
averages are calculated using the above conven- 
tion. Averages which are equal to or less than the 
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Figure 2. State and PMN milk sampling stations in the United States 
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Table 2. Concentrations of radionuclides in milk for October 1970 and 12-month period 
November 1969 through October 1970 





Radionuclide concentration 
(pCi/liter) 





Type 
Sampling location of Strontium-90 Iodine-131 Cesium-137 
sample* 





Monthly 12-month -Monthly 12-month Monthly 12-month 
average> average average> average average> average 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for October 1970 and 12-month period 
November 1969 through October 1970—Continued 





Radionuclide concentration 
(pCi/liter) 


Type 
Sampling location of Strontium-90 Iodine-131 


Cesium-137 
sample* 


Monthly | 12-month Monthly 12-month 


Monthly 12-month 
average» average average» average 


average» average 


UNITED STATES—Continued | 


Jackson® 
Kansas City®- - -- 
St. Louis¢- - -- 
Helena’ _- 
Omahat__-- ---- 
Las Vegas® _ - - 
Manchester¢ 
Trenton¢_- ----- 
Albuquerque®-- - - 
Buffaloc____ . 
New York City®- - -- 
Syracuse®- - - -- oa 
Albany 
Buffalo- - -- 
Massena - - 
Newburg- --- -- 
New York City-- - 
Syracuse - - - - -- 
N.C: Charlotte*____- - -- 
N.Dak: 
Ohio: Cincinnati¢- 
Cleveland® _ _ - - - 
Okla: Oklahoma City* 
Oklahoma City - - -- 


a) 





| 
| 
| 
| 














M109 0 G0 NO OIE 


Coos Bay - - - - 
Eugene - ---- 


D GO GO mm ee Orr 


Portland local - - - - - 
Redmond -~. ; 
Tillamook__- -- - 
Philadelphia* 
Pittsburghe___ 
Dauphin 


3 


LLALLZZZZZ 


5 

A e 
A e 
A - 
A ° 
A ? 
A <t 
A 4 
A © 
8 


| 
Philadelphia 
Pittsburgh - - - 
Providence® 
Charleston¢ 
Rapid Citys 
Chattanooga’ -- - 
Memphis*_-_- 
Chattanooga 
Clinton. .....- 
Fayetteville 
Knoxville 


— te 
CONWFmWS 


Amarillo. - 
Corpus Christi___- 
El Paso_- 
Fort Worth 
Harlingen 
Houston - -_- 
Lubbock 
Midland 
San Antonio 


ZZ 
v2 


Z 
RRODRSPDNWSRRAR 


'124%4 22 


- 
DODPONW UD EN POWOWEEHIVG 


Wichita Falls_ 

Salt Lake City* 
Burlington¢-_--------- 
Norfolke 


Spokane*___ 

Benton County 

Franklin County 

Sandpoint, Idaho 

Skagit County 

Charlestone_-_-_-_-- 
Wisc: Milwaukeee 
Wyo: Laramie* 


— 





Z Y 
ANWAWOTUADAEDH 


to 


mm ONIN WO 





i 














cooc OOK OOCOSCOEGUEE 


AAWDAOKS 


See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for October 1970 and 12-month period 
November 1969 through October 1970—Continued 





Radionuclide concentration 
(pCi/liter) 





, , Type 
Sampling location of 


sample* 


Strontium-90 Iodine-131 Cesium-137 





12-month 
average 


12-month 
average 


Monthly 


Monthly 
average> 


y Monthly 
average 


average> 





CANADA: 


Alberta: 
Edmonton 
British Columbia: Vancouver_-___------------------ 
Manitoba: 
New Brunswick: Fredericton 
Newfoundland: St. John’s 
Nova Scotia: 
Ontario: 
Saulte Ste. Marie 
Thunder Bay 
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Saskatchewan: 
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« P, pasteurized milk. 
R, raw milk. 
b When an individual sampling result was equal to or less than the practical reporting level, a value of ‘‘0" was used for averaging. Monthly averages 
less than the practical reporting level reflect the fact that some but not all of the individual samples making up the average contained levels greater than the 
practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in parenthesis. 


¢ EPA Pasteurized Milk Network station. All other sampling locations are part of the State or National network. 


4 Radionuclide analysis not routinely performed. 


¢ The practical reporting levels for these networks differ from the general ones given in the text. Sampling results for the networks were equal to or less 


than the following practical reporting levels: 


Iodine-131: Colorado—25 pCi/liter 
Michigan—14 pCi/liter 
Oregon—15 pCi/liter 


Cesium-137: Colorado—25 pCi/liter 
New York—20 pCi/liter 
Oregon—15 pCi/liter 


Strontium—90: New York—3 pCi/liter 


‘ This entry gives the average radionuclide concentrations for the EPA Pasteurized Milk Network stations denoted by footnote °. 


NA, no analysis. 
NS, no sample collected. 


practical reporting levels reflect the presence of 
radioactivity in some of the individual samples 
greater than the practical reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average for 
the station as calculated from the preceding 12 
monthly averages, giving each monthly average 
equal weight. Since the daily intake of radio- 
activity by exposed population groups, averaged 
over a year, constitutes an appropriate criterion 
for the case where the FRC radiation protection 
guides apply, the 12-month average serves as a 
basis for comparison. 
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Discussion of current data 


In table 2, surveillance results are given for 
strontium-90, iodine-131, and cesium-137 for 
October 1970 and the 12-month period, November 
1969 through October 1970. Except where noted 
the monthly average represents a single sample 
for the sampling station. Strontium-89 and 
barium-140 data have been omitted from table 2 
since levels at the great majority of the stations for 
October 1970 were below the respective practical 
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reporting levels. The following station averages 
reflect samples in which strontium-89 and barium- 
140 were detected: strontium-89; Mo., St. Louis 
(PMN) 7 pCi/liter; Colombia, Bogata (PAHO), 
10 pCi/liter; Chile, Santiago (PAHO) 10 pCi/liter; 
barium-140; Kans., Hays (State) 13 pCi/liter, 
Wichita (State) 11 pCi/liter. 

Iodine-131 results are included in the table, 
even though they were generally below practical 
reporting levels. Because of the lower values 
reflected by the radiation protection guidance 
provided by the Federal Radiation Council, levels 
in milk for this radionuclide are of particular 
public health interest. In general, the practical 
reporting level for iodine-131 is numerically 
equal to the upper value of Range I (10 pCi/liter) 
of the FRC radiation protection guide. 


Acknowledgement 


Strontium-90 monthly averages ranged from 0 
to 30 pCi/liter in the United States for October 
1970, and the highest 12-month average was 17 
pCi/liter (Del Norte, Calif.) representing 8.5 
percent of the Federal Radiation Council radiation 
protection guide. Cesium-137 monthly averages 
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for October 1970, and the highest 12-month 
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samples were all below the practical reporting 
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Food and Diet Surveillance 


Efforts are being made by various Federal and 
State agencies to estimate the dietary intake of 
selected radionuclides on a continuing basis. These 
estimates, along with the guidance developed by 
the Federal Radiation Council, provide a basis for 
evaluating the significance of radioactivity in 
foods and diet. 


Program 
California Diet Study 


Connecticut Standard Diet 

Institutional Diet Samples 

Strontium-90 in Tri-City 
Diets, HASL 


June—December 1969 


Division of Occupational Health 
Environmental Health Services 
Texas State Department of Health 


Office of Air Quality Control 
Division of Technical Services 
Washington State Department of Health 


measurements in milk, May-July 1970, Technical experi- 
ment 70-MKAQ-1. Analytical Quality Control Service, 
Bureau of Radiological Health (September 1970). 

(6) NEILL, R. H. and D. R. SNAVELY. State Health 
Department sampling criteria for surveillance of radio- 
activity in milk. Radiol Health Data Rep 8:621-627 
(November 1967). 
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gamon Press, New York, N.Y. (1966) pp. 95-101. 


Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing estimates 
of nationwide dietary intakes of radionuclides. 
Programs reported in Radiological Health Data and 
Reports are as follows. 


Period Issue 


April—December 1969 and 
January-June 1970 

July-December 1969 

April-June 1970 


November 1970 
December 1970 
January 1971 


June 1970 
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1. Radionuclides in Institutional Diet Samples 
July-September 1970 


Bureau of Radiological Health and 
Food and Drug Administration 


The determination of radionuclide concentra- 
tions in the diet constitutes an important element 
of an integrated program of environmental radio- 
logical surveillance and assessment. In recognition 
of the potential significance of the diet in con- 
tributing to total environmental radiation ex- 
posures, the Public Health Service initiated its 
Institutional Diet Sampling Program in 1961. This 
program is administered by the Bureau of Radio- 
logical Health with the assistance of the Office of 
Compliance, Food and Drug Administration (1). 

The program was designed to provide estimates 
of the dietary intake of radionuclides in a selected 
population group ranging from children to young 
adults of school age. At the present time, 18 basic 
institutions and eight auxiliary institutions, dis- 
tributed geographically as shown in figure 1, are 


being sampled. The station at St. Louis, Mo., was 
discontinued because of difficulty in locating a 
new institution. Previous results showed that the 
daily dietary intake of teenage girls and children 
from 9 to 12 years of age were comparable, while 
teenage boys consumed 20 percent more food per 
day (1, 2). Consequently, estimates for teenage 
boys and/or girls can be calculated on the basis 
of the dietary intakes of children. 

In general, the sampling procedure is the same 
at each institution. Each sample represents the 
edible portion of the diet for a full 7-day week 
(21 meals plus soft drinks, candy bars, or other 
in-between snacks) obtained by duplicating the 
meals of a different individual each day. Drinking 
water, not included in the samples, is also sampled 
periodically. Each daily sample is kept frozen 
until the end of the collection period and is then 
packed in dry ice and shipped by air express to 
either the Southwestern Radiological Health Lab- 
oratory, Las Vegas, Nev; the Southeastern Radio- 
logical Health Laboratory, Montgomery, Ala; or 
the Northeastern Radiological Health Laboratory, 
Winchester, Mass. A detailed description of sam- 
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Figure 1. 
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Institutional diet sampling locations as of September 1970 





Table 1. 


Concentrations and intake of stable elements and radionuclides in institutional total diets of children 


(9-12 years of age), July-September 1970 
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Potassium 89Sr 
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Location of institution (1970) 
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(g/kg) | (g/day) | (pCi/ | (pCi/ | (pCi/ | (pCi/ 
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® Food samples were collected from two or more children who were not between the ages of 9 and 12. 


b Milk was not included in this sample. 
NA, no analysis. 


NOTE: Iodine-131 and barium-140 were not detected at any station during this period. 


pling and analytical procedures was presented 
earlier (3). 


Results 


Table 1 presents the analytical results for insti- 
tutional diet samples collected from the basic 
stations for July through September 1970. In July 
1970, the sampling frequency of this network was 
changed from monthly to quarterly. A review of 
the data from this project indicates that the re- 
sults do not vary significantly from month to 
month. The stable elements, calcium and potassium 
are reported in g/kg of diet. The radionuclide 
concentrations of these samples, reported in 
pCi/kg of diet, are corrected for radioactive decay 
to the midpoint of the sample collection period, 
where applicable. Dietary intakes in g/day or 
pCi/day were obtained by multiplying the food 
consumption rate in kg/day by the appropriate 
concentration values. The average food consump- 
tion rate during this period was 1.67 kg/day com- 
pared to the network average of 1.87 kg/day 
observed from 1961 through 1969. 

Strontium-90 dietary intake averaged 10 
pCi/day and cesium-137 intake averaged 12 
pCi/day during this period. These results fall 
within Range I as defined by the Federal Radi- 
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ation Council (4). Strontium-89, iodine-131, and 
barium-140 concentrations were below detectable 
levels. 

All concentrations that are less than or equal to 
the appropriate minimum detectable level have 
been reported as-zero. The minimum detectable 
concentration is defined as the measured concen- 
tration equal to the 2-standard deviation analyti- 
eal error. Accordingly, the minimum detectable 
limits are as follows: 


Strontium-89 
Strontium-90 
Iodine-131 
Cesium-137 
Barium-140 


5 pCi/kg 
2 pCi/kg 
10 pCi/kg 
10 pCi/kg 
10 pCi/kg 


Data from eight auxiliary stations are included 
in table 2 for general information. These stations 
do not meet the criterion that the majority of the 
samples are collected from children who range in 
age from 9-12 years. In order to supplement the 
existing environmental monitoring networks of the 
Bureau of Radiological Health, these eight insti- 
tutions are being sampled in the same manner as 
the basic stations. 
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Table 2. Concentrations and intake of stable elements and radionuclides in institutional total diets of individuals 


(auxiliary stations), July-September 1970 
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Calcium Potassium Sr BICs 
Month 
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NA, no analysis 
NOTE: Iodine-131 and barium-140 were not detected at any station during this period. 
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SECTION Il. WATER 


The Environmental Protection Agency, the 
Federal Water Quality Administration and other 
Federal, State, and local agencies operate extensive 
water quality sampling and analysis programs for 
surface, ground, and treated water. Most of these 
programs include determinations of gross beta and 
gross alpha radioactivity and specific radio- 
nuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary im- 
portance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for approval 
of a drinking water supply containing radium-226 
and strontium-90 as 3 pCi/liter and 10 pCi/liter, 
respectively. Limits may be set higher if the total 


intake of radioactivity from all sources remains 
within the guides recommended by FRC for con- 
trol action. In the known absence! of strontium-90 
and alpha-particle emitters, the limit is 1,000 
pCi/liter gross beta radioactivity, except when 
additional analysis indicates that concentrations 
of radionuclides are not likely to cause exposures 
greater than the limits indicated by the Radiation 
Protection Guides. Surveillance data from a num- 
ber of Federal and State programs are published 
periodically to show current and long-range 
trends. Water sampling activities reported in 
Radiological Health Data and Reports are listed 
below. 


1 Absence is taken to mean a negligibly small fraction of 
the specific limits of 3 pCi/liter and 10 pCi/liter for unidenti- 
fied alpha-particle emitters and strontium-90, respectively. 


Water sampling program 

California 
Minnesota 
New York 
Kansas 
North Carolina 
Radiostrontium in Tap Water, 

HASL 
Tritium in Surface Water 
Washington 
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Period reported 


July-December 1968 
January-June 1969 
January—June 1969 
January—December 1969 
January—December 1967 





January—December 1969 
January—June 1970 
July 1967-June 1968 


Issue 
August 1970 
January 1970 
June 1970 
September 1970 
May 1969 


July 1970 
November 1970 
June 1969 


(3) FEDERAL RADIATION COUNCIL. Background ma- 
terial for the development of Radiation Protection Stand- 


(May 1960). 


ards, Report No. 1. Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402 


(4) FEDERAL RADIATION COUNCIL. Background ma- 


(September 1961). 


terial for the development of Radiation Protection Stand- 
ards, Report No. 2. Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402 
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Radioactivity in Washington Surface Water' 


July 1968-June 1969 


Washington State Department of Social and Health 
Services 


Radioanalysis of surface water samples col- 
lected throughout the State is one of the major 
functions of the Washington State Department of 
Social and Health Services radiation surveillance 
program. Most surface water samples are collected 
monthly or quarterly by the Washington State 
Department of Ecology. Selected stations on the 
Columbia River are sampled weekly or monthly 
by local health departments. Cedar River, a major 
water supply for the greater Seattle area, is sam- 
pled monthly by the City of Seattle Water De- 
partment. 


1 Summarized from ‘Environmental Radiation Surveil- 
lance in Washington State,’’ Eighth Annual Report, July 
1968-June 1969. 


All water is collected in 2-liter polyethylene 
bottles by grab sampling and is mailed to the 
State radiation laboratory in Seattle for analysis. 
Before sampling, 2 milliliters of concentrated 
nitric acid are added to each bottle to prevent 
loss of radioactivity through precipitation or ad- 
hesion. 


Analytical procedures 


Surface water samples are analyzed for gamma- 
ray emitters and then separated into suspended 
and soluble fractions for gross beta counting. All 
Columbia River samples are also analyzed for 
phosphorus-32, a pure beta-particle emitter which 
is not detectable in the gamma-ray scan. Table 1 
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Figure 1. 
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Washington surface water sampling locations with code numbers 





gives the beta-particle efficiencies and detecta- 
bility limits for the beta counters. When tritium 
analysis is desired for selected samples, a 24 ml 
aliquot of the sample is forwarded to the Environ- 
mental Protection Agency’s Southwestern Radio- 
logical Health Laboratory (SWRHL) for proc- 
essing. 


Table 1. Beta-particle efficiencies and detectability 
limits for the Washington State analysis 





Average Limits of 
Efficiency | background | detectability* 
(percent) (epm) (pCi) 


Radionuclide 





Wide Beta I> 
Strontium-yttrium-90 
Yttrium-90 
Phosphorus-32__-_-------- nd 


Wide Beta IIe 
Strontium-yttrium-90 
Yttrium-90 














s Amount of radiation necessary to produce a net cpm equal to 2 sigma 
of background, based on 100 minute counts. 

> The Wide Beta I suffered a major breakdown in March. 

¢ The Wide Beta II radiation counter went into operation in April. 


For the gamma radioanalysis, the samples are 
placed in stainless steel Marinelli beakers as soon 
after receipt as possible. Distilled water is added 
when necessary to obtain 2,000 ml geometry. 
Table 2 presents the gamma-ray efficiencies and 
detectability limits for the gamma spectrometer. 
After analysis by gamma spectroscopy, surface 
water (except Columbia River) is filtered through 
Whatman No. 42 filter paper. The filter paper con- 
taining the suspended solids is ashed in a muffle 
furnace at 600° C., plancheted, weighed, and sub- 
mitted for gross beta counting. The filtrate, evapo- 
rated to near dryness, is quantitatively transferred 
to a tared planchet, dried, weighed, and submitted 
for gross beta counting. All gross beta counting 
takes place 18 days after collection to allow short- 
lived interfering radionuclides to decay. 


Table 2. Gamma-ray efficiencies and detectability 
limits for the Washington State analysis 





Average Limits of 
Efficiency | background |detectability* 
(percent) (epm) i 


Radionuclide 





Chromium-51 
Ruthenium-106__--| . 
Zirconium-95 
Scandium-46 
Zinc-65 

















* Amount of radiation necessary to produce a net cpm equal to 4 sigma 
of the respective background, based on 100-minute counts. 


102 


The gamma analysis of the Columbia River 
samples is started approximately 14 days after 
collection. After the gamma spectroscopic analysis, 
Columbia River samples are divided into two 
aliquots. One aliquot is prepared for standard 
gross beta counting as described above, while the 
second aliquot is prepared for phosphorus-32 
counting. The technique used for phosphorus-32 
separation is a modification of published methods 
(1-4). After a waiting period of 18 days following 
collection to allow arsenic-76 and other short- 
lived interfering radionuclides to decay, the phos- 
phorus is separated from the interfering radio- 
nuclides by precipitation as ammonium phospho- 
molybdate from an acid medium. The precipitate 
is washed with ammonium nitrate, dissolved with 
3N ammonium hydroxide, transferred into a tared 
planchet, dried, ashed at 450°C., weighed, and 
counted for beta radioactivity. 


Results 


Table 3 presents the monthly average results 
for six Columbia River stations which are sampled 
routinely. In averaging, a less-than value is as- 
sumed to be equal to its numerical value and a 
less-than sign is placed in front of the average. 

Table 4 summarizes the beta radioactivity meas- 
urements from 23 other surface water stations from 
July 1968 through June 1969. These 23 stations 
were reduced to 5 active stations in January 1969, 
due to the low concentrations of radioactivity 
present. The second column in this table gives 
code numbers and the abbreviations denoting geo- 
graphical sections (figure 1). Each river is assigned 
a four digit number; the first two digits indicate 
the river and the second two digits indicate the 
sampling stations on the river. For example, code 
number 04 refers to the Snake River in the area 
designated “RSE,” i.e., Southeast. The code num- 
ber 01 refers to the first sampling station on that 
river. The third column gives the total number of 
samples analyzed. Gross beta radioactivity results 
are not extrapolated to the date of collection. 

The network summary gives the maximum and 
minimum values for the 107 samples analyzed, 
while the network average is obtained by averaging 
all the station average values. 

Table 5 presents the individual sample results 
from the tritium analyses performed by SWRHL 
for the State of Washington. 
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Table 3. Monthly average radioactivity in Columbia River water, July 1968-June 1969 





Concentration 
(pCi/liter) 





Location and type 
of analysis 











Northport (code no. 
RNE 0601) 


Beta-particle 
Suspended* 
Dissolved* 

Total 
Phosphorus-32?- - 

Gamma-ray” 
Chromium-51 ---_- 
Ruthenium-106¢ - 
Zirconium-95 - - - - 


Scandium-46 - - - - 


Richland (code no. 
RSE 0104) 
Beta-particle 
Suspended* 108 (2) 181 (2) 19(2) 138 (2) f 100 (3) 
Dissolved* -— 101 (2) 91(2) 129 (2) s f 74(3) 
8 


179 282 110 267 I 223 174 
Phosphorus-32- - 30 101 (2) 118 (2) 101 (2) 176 (2) 54(3) 
Gamma-ray” 
Chromium-51_-_--_}1,201(3) g 2,064(2) |2,266(2) |3,012(2) |3,100(2) 1,450(3) |1,750(5) 724(3) | <396(3) | <3,990(5) 
Ruthenium-106¢ _| <100‘3) <100(2) | <140(2) <100(2) <100(3) | <100(5) | <100(3) | <100(4) <100(5) 
Zirconium-95-_---| <10(3) <10(2) <10(2) <10(2) <10(3) <10(5) <10(3) <10(4) <13(5) 
Zine-65 113(3) 119(2) | <155(2) 139 (2) 218 (3) 192 (5) 107 (3) <61 (4) <460 (5) 
Scandium-46 - - - -| <168(3) 193(2) | <318(2) 507 (2) 215 (3) 243 (5) 108 (3) <64 (4) 1,330(5) 


Pasco (code no. 
RSE 0101) 
Beta-particle 
Suspended* 
Dissolved* 


Phosphorus-32 - - 
Gamma-ray» 
Chromium-51 -_-- 
Ruthenium-106¢ - 
Zirconium-95 - - - - 
Zinc-65 
Scandium-46 - - - - 


McNary Dam (code 
no. RSE 0102) 
Beta-particle 
Suspended* 
Dissolved* 


Phosphorus-32? - - 
Gamma-ray» 
Chromium-51-_--- 
Ruthenium-106¢ - 
Zirconium-95 - - - - 
Zince-65 
Scandium-46 - - - - 


Vancouver (code 
no. RSW 0102) 
Beta-particle 
Suspended* 2(3) 4(2) 3(2) 
Dissolved* 9(3) ~— 10(2) 
6 1 


12 13 
7(3) 10(2) 8(2) 


Chromium-51 _--- 446 (3) 498 (2) 369 (2) 531 (3) 
Ruthenium-106¢ - f <50(2) <50(3) 
Zirconium-95 - - - - : <5(2) <5(3) 
Zinc-65 <20(2) <20(3) 
Scandium-46_-_--| <15(3) <10(4) <10(2) <10(2) <20(3) 
Longview (code no. 
RSW 0904) 
Beta-particle 
Suspended*-_----- 5 (5) 2(4) 2(5) 2 (4) 1(4) 
Dissolved* 8(5) ; 7 (4) 7(5) 3(4) 3(4) 


13 9 9 5 4 1 16 12 
Phosphorus-32? - - 7(5) 4(4) 5(5) 2(4) 3(4) 5 (4) 
Gamma-ray” 
Chromium-51_..-| 245(5) 215 (4) 327 (4) 277(5) | <142(4) | <135(4) <115 (4) 240(4) | <155(5) <119(4) 
Ruthenium-106 °_ <50(4) <50(4) <50(4) <50(4) | <50(5) <50(4) 
Zirconium-95 - - - - <5 (4) <5 (4) <5 (4) <5(4) <5(5) <5(4) 
Zinc-65 <20(4) <20(4) <20(4) <20(4) <22 (5) <20(4) 
Scandium-46_-_.-| <10(4) <10(4) <10(4) <10(5) <10(4) <10(4) <10(4) <13 (3) <11(4) <11(5) <11 (4) <10(4) 































































































® Activity at time of counting. Strontium-90-yttrium-90-calibration standard. 

> Results extrapolated to date of sample collection. . 

e Net activity in the 0.44-0.56 MeV gamma-range is assumed to be only ruthenium-106. 
NS, no sample reported. NA, no analysis. 
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Table 4. Beta radioactivity in Washington surface water (except for Columbia River), July 1968—June 1969 





Concentrations 
(pCi/liter) 
| Number 
Sampling location Code of | 
number | samples Suspended Dissolved Total 








a , 

| a F | om : ae, ‘ 
Aver- | Mini- | Maxi- Aver- | Mini- | Maxi- | Mini- Maxi- 
ages | mum | mum mum mum ; mum mum 
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| 


Cedar River------- etauaciie S 0201 
Lake Whatcom_- ; me a NW 0601 
Lewis River- -_--- ‘ i ._.|RSW Os801 
Naches River See 


— 
QQwts> 
| 
—_ OD ee | 
| 
een | 





Naselle River~ -_ ---- ; : ncacse[ Cr 3201 
Nisqually River- -- - si S 1401 
Nooksack River eesa ..-|RNW 0101 
Okanogan River______.---- ._|RNC 0103 


Nmmwnwo 


Pend Oreille River- IRNE 0201 | 
Puyallup River__-_-- 

Skagit River_-_-_-_--- 

Snake River- - -- 


Pho 0 
AA 


We NUwWeew wh 


Snohomish River- 
Satsop River : 
Spokane River_---- 
Sultan River-__-- 


Nwnmn 


A 
Co em to Gobo 


A 
Pewee word 


NWWeKNUOPRNNWO Were 


_ 


Tolt River__-- 
Toutle River_- —_ 
Walla Walla River___- 





rotor 
aI 
conn 


Wishkah River- 
Wenatchee River--_- — } 
Yakima River-__- ‘ ; ‘ SC 0201 | 


nonmou 


Network summary-__-.- peste moe) 107 








« For averaging purposes, <1 is assumed to be equal to 0.5 pCi/liter. 


Table 5. Tritium in Washington surface water,* Discussion 
July 1968-June 1969 


Sampling Code | Collection | Concomtration Of the 107 river water samples analyzed from 
—— woman ; — July 1968 through June 1969 (excluding the 


re ...| RPS 0201 | 2/14/1969 | ’ Columbia River), the total beta radioactivity 
Ciitiiiatia ithe |, ew ranged from <1 to 20 pCi/liter with an average 
cor eenaneessy Bm Some) Se - of 2.4 pCi/liter. The radioactivity of the suspended 

| fy ho ‘40s fraction ranged from <1 to 17 pCi/liter with an 

MeNary Dam-_---__---- 0102 12/1968 average of <1 pCi/liter. The radioactivity of the 


| fa | ‘8° _ soluble fraction was approximately the same, rang- 
saa iced oe) Peet ‘30 ing from <1 to 9 pCi/liter and averaging 1.3 
Riitend.....-.-----0-1 —) | pCi/liter. These network averages during the July 
Richland (treated) - - oa | 5/5/1969 | . 4 

_ a lh gaia een | acne = 1968 through June 1969 period were lower than 


Nee eeae | ‘92 the averages for the preceding 12 months. Figure 2 


cate hatoome mee shows the annual average gross beta radioactivity 
> 


1 
| i ‘57 in surface waters other than the Columbia River. 
Lewis River... -----| oe) Poe = Monthly average total beta radioactivity for 


Pepettap River.........- we) oe > the Columbia River stations below the Hanford 


Py ryt ‘40 Facility ranged from 4 to 1,080 pCi/liter. Monthly 
Saas Svat... .. Sa Oe | eee ‘10 average concentrations of the _beta-particle 
Senin Biver......------.+|. TE SO | « See ‘34 ~~ emitter, phosphorus-32, in the Columbia River 
Snohomish River- - - - — RPS 0401 9/10/1968 ‘ y alitxr 
Snohomish River. | Rng $302 | 8/19/1988 a. water samples taken below the Hanford Facility, 
a fo ‘2 ranged from 2 to 205 pCi/liter. Figures 3 and 4 


5/18/1969 


Toutle River a RSW 0201 | 10/21/1968 ‘65 show the gross beta and phosphorus-32 results 
PP alee from the Columbia River at Pasco and Vancouver 
* Analyses performed by SWRHL, Las Vegas, Nev. for 1965 through 1969. 
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1 a. 
Year 1963 1964 1965 1966 1967 1968 1969 


Figure 2. Average, maximum, and minimum beta 
radioactivity in surface water (excluding the 


Columbia river) 1963-1969 
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Figure 3. Gross beta in Columbia River water 
Pasco and Vancouver 


The gamma-ray emitters, ruthenium-106 and 
zirconium-95, were found in monthly average con- 
centrations that ranged from <50 to <140 pCi/ 
liter for ruthenium-106 and <5 to <13 pCi/liter 
for zirconium-95. The values for ruthenium-106 
were probably a combination of ruthenium-103 
and ruthenium-106. Two other radionuclides, 
chromium-51 and zinc-65, were found in detectable 
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Figure 4. Phosphorus-32 in Columbia River water 
Pasco and Vancouver 


quantities in Columbia River water. Monthly 
averages for chromium-51 ranged from <100 to 
<3,990 pCi/liter, and for zinc-65 the range was 
<20 to 460 pCi/liter. Figures 5 and 6 show the 
results for chromium-51 and zinc-65 at the Pasco 
and Vancouver stations on the Columbia River for 
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Figure 5. Chromium-51 in Columbia River water 
Pasco and Vancouver 
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Figure 6. Zinc-65 in Columbia River water 
Pasco and Vancouver 





1963 through 1969. It should be emphasized that 
the radionuclide concentrations found in the Co- 
lumbia River cannot be compared to low level 
radiation discharges from modern nuclear power 
reactors. The concentrations in the Columbia 
River are due largely to old (up to 25 years), first- 
technology plutonium production reactors utilizing 
direct, single-pass cooling and do not reflect the 
environmental effects that would result from 
modern reactors. 

Although any standards for gross beta radio- 
activity must be very carefully applied, the stand- 
ard for drinking water is 1 nCi/liter of gross beta 
radioactivity in the absence of strontium-90 and 
alpha emitters (5). The standards for water from 
all dietary sources for the general population at 
large (6) are: chromium-51, 670 nCi/liter; ru- 
thenium-106, 3.3 nCi/liter; zinc-65, 10 nCi/liter; 
phosphorus-32, 7 nCi/liter. 
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SECTION Il. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in air 
and precipitation provides one of the earliest indi- 
cations of changes in environmental fission product 
radioactivity. To date, this surveillance has been 
confined chiefly to gross beta radioanalysis. Al- 
though such data are insufficient to assess total 
human radiation exposure from fallout, they can 
be used to determine when to modify monitoring 
in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodi- 


- Network 


Fallout in the United States and 
Other Areas, HASL 

Plutonium in Airborne Particulates 
and Precipitation, PHS 


February 1971 


January—June 1968 


April—-December 1969 


cally to show current and long-range trends of 
atmospheric radioactivity in the Western Hemi- 
sphere. These include data from activities of the 
Environmental Protection Agency, the Canadian 
Department of National Health and Welfare, the 
Mexican Commission of Nuclear Energy, and the 
Pan American Health Organization. 

In addition to those programs presented in this 
issue, the following programs were previously 
covered in Radiological Health Data and Reports. 


Period Issue 


Octuver 1969 


October 1970 





1. Radiation Alert Network 
October 1970 


Air Pollution Control Office 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in the 
United States is conducted by the Radiation Alert 
Network (RAN) which regularly gathers samples 
at 70 locations distributed throughout the country 
(figure 1). Most of the stations are operated by 
State Health Department personnel. 

The station operators perform “field estimates” 
on the airborne particulate samples at 5 hours 
after collection, when most of the radon daughter 
products have decayed, and at 29 hours after 
collection, when most of the thoron daughter 
products have decayed. They also perform field 


estimates on dried precipitation samples and re- 
port all results to appropriate Air Pollution Con- 
trol Office officials by mail or telephone depending 
on levels found. A compilation of the daily field 
estimates is available upon request from the Data 
Acquisition and Analysis Branch, Division of Air 
Quality and Emission Data, Air Pollution Control 
Office, EPA, Cincinnati, Ohio. A detailed descrip- 
tion of the sampling and analytical procedures 
was presented in the March 1968 issue of Radio- 
logical Health Data and Reports. 

Table 1 presents the monthly average gross beta 
radioactivity in surface air particulates and depo- 
sition by precipitation, as measured by the field 
estimate technique, during October 1970. Time 
profiles of gross beta radioactivity in air for eight 
Radiation Alert Network stations are shown in 
figure 2. 

All field estimates reported were within normal 
limits for the reporting station. 
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Figure 1. 


Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, October 1970 





Precipitation 





Gross beta radioactivity Last 
(5-hour field estimate) profile 
Station location Number (pCi/m*) in Number 

of RHD&R of | 
samples samples Number Depth Total 
of (mm) deposition 
samples (nCi/m?) 


Field estimation of deposition 








Maximum} Minimum | Average* 
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® The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
> This station is part of the plutonium in precipitation network. No gross beta measurements are done. 
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Figure 2. Monthly and yearly profiles of beta radioactivity in air—Radiation Alert Network, 1964—October 1970 
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2. Canadian Air and Precipitation Monitoring 


Program’, October 1970 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the Ca- 
nadian Department of National Health and Wel- 
fare monitors surface air and precipitation in con- 
nection with its Radioactive Fallout Study Pro- 
gram. Twenty-four collection stations are located 
at airports (figure 3), where the sampling equip- 
ment is operated by personnel from the Meteor- 
ological Services Branch of the Department of 
Transport. Detailed discussions of the sampling 
procedures, methods of analysis, and interpre- 
tation of results of the radioactive fallout program 
are contained in reports of the Department of 
National Health and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and Reports. 

Surface air and precipitation data for October 
1970 are presented in table 2. 


1 Prepared from information and data obtained from the 
Canadian Department of National Health and Welfare, 
Ottawa, Canada. 


Table 2. Canadian gross beta radioactivity in surface 
air and precipitation, October 1970 





Gross beta 
radioactivity 
(pCi/m*) 


Precipitation 
measurements 
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Figure 3. Canadian air and precipitation sampling stations 
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3. Pan American Air Sampling Program 


October 1970 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored by 
countries in the Americas under the auspices of 
the collaborative program developed by the Pan 
American Health Organization (PAHO) and the 
U.S. Public Health Service (PHS) to assist PAHO- 
member countries in developing radiological health 
programs. 

The air sampling station locations are shown in 
figure 4. Analytical techniques were described in 
the March 1968 issue of Radiological Health Data 
and Reports. The October 1970 air monitoring 
results from the participating countries are given 
in table 3. 





a 2 
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KINGSTON 


Table 3. Summary of gross beta radioactivity in 
Pan American surface air, October 1970 














Number 
Station location of 
samples 


Gross beta radioactivity 
(pCi/m*) 





Maximum | Minimum | Average* 





Argentina Buenos Aires_- 

Bolivia: 

Chile: Santiago 

Colombia: Bogota 

Ecuador: Cuenca.------ 
Guayaquil---- 
Quito 

Guyana: Georgetown__- 

Jamaica: Kingston 

Peru: Lima 

Venezuela: 








Pan American summary-_-.-- 














® The monthly average is calculated by weighting the individual samples 
with length of my Py Reported values of less than 0.005 pCi/m* 


are considered as 0.00 pCi/m!? in averaging. 
NS, no sample. 
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SECTION IV. 


This section presents results from routine sam- 
pling of biological materials and other media not 
reported in the previous sections. Included here 


OTHER DATA 


are data such as those obtained from human bone 
sampling, Alaskan surveillance and environmental 
monitoring around nuclear facilities. 





Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual reports 
on the environmental levels of radioactivity in the 
vicinity of major Commission installations. The 
reports include data from routine monitoring pro- 
grams where operations are of such a nature that 
plant environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation standards 
set forth by AEC’s Division of Operational Safety 


in directives published in the “AEC Manual.” 

Summaries of the environmental radioactivity 
data follow for the Atomics International and 
Neutron Devices Department. 


1 Title 10, Code of Federal Regulations, Part 20, “‘Stand- 
ards for Protection Against Radiation” contains essentially 
o ~ tees published in Chapter 0524 of the AEC 

anual. 





1. Atomics International 2 
January-June 1970 


North American Rockwell Corporation 
Canoga Park, California 


Atomics International, a division of North 
American Rockwell Corporation, has engaged in 
atomic energy research and development since 
1946. The company designs, develops, and con- 
structs nuclear reactors for central station and 
compact power plants for medical, industrial, and 
scientific applications. 

The company headquarters is located in Canoga 
Park, Calif., approximately 23 miles northwest of 
downtown Los Angeles. The 290-acre Nuclear 
Development Field Laboratory (Santa Susana 
Facility), equipped with extensive testing facilities 
for the support of advanced nuclear studies, is 
located in the Simi Hills of Ventura County, 
approximately 29 miles northwest of downtown 


2 Summarized from ‘“‘Environmental Monitoring, Semi- 
annual Report, January 1, 1970 to June 30, 1970”’ Atomics 
International, Division of North American Rockwell Corpo- 
ration. 
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Los Angeles. The location of the above sites in 
relation to nearby communities is shown in figure 1. 

The basic concept of radiological hazard control 
at Atomics International requires adequate con- 
tainment of radioactive materials and, through 
rigid operational controls, minimizes effluent re- 
leases and external radiation levels. The environ- 
mental monitoring program provides a measure 
of the effectiveness of the company’s radiological 
safety procedures and of engineering safeguards 
incorporated into facility designs. 

The onsite environs of Atomics International 
headquarters and Nuclear Development Field 
Laboratory (NDFL) are surveyed monthly to de- 
termine the concentration of radioactivity in typi- 
cal surface soil, vegetation, and water samples. 
The offsite environs are sampled monthly, except 
for soil and vegetation which aresampled quarterly. 
In addition, continuous environmental air moni- 
toring at the sites provides information concerning 
long-lived airborne particulate radioactivity. 


Air monitoring 


Environmental air sampling is conducted con- 
tinuously at the headquarters and NDFL sites 
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Figure 1. 


with automatic air samplers operating on 24-hour 
sampling cycles. Airborne particulate radioactivity 
is collected on HV-70 filter paper which is auto- 
matically changed at the end of each sampling 
period. The filter is removed from the sampler and 


counted after the radioactivity is allowed to decay 
for at least 72 hours. The volume of a typical 
daily environmental air sample is approximately 
20 cubic meters. The average concentration of 
long-lived beta-gamma radioactivity on airborne 
particulates is presented in table 1 for January— 
June 1970. 


Table 1. Beta-gamma radioactivity of airborne 
particulates, Atomics International, January—June 1970 





Average 
concentration* 
(pCi/m*) 


Number of 
samples 


Location 





0.46 
-46 





* Minimum detectable level—0.04 pCi/m:. 


When abnormally high airborne radioactivities 
are observed, the radioactivity decay data are 
plotted to determine the presence of long-lived 
isotopes other than naturally occurring radon, 
thoron, and daughters. If fallout is suspected, the 
decay characteristics are observed. If the radio- 
activity decays as a function of t~!*, the data 
curve is extrapolated in order to determine the 
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Atomics International facilities and vicinity 


date of origin. These data are compared with the 
dates of publicized nuclear detonations to de- 
termine if the abnormal airborne radioactivity 
was caused by such detonations. 

A graph of averaged long-lived airborne radio- 
activity concentrations detected at the Head- 
quarters and NDFL facilities during the first half 
of 1970 is presented in figure 2. The graph shows 
a generally increasing trend through the spring 
months with a prominent peak noted in May. 


Water monitoring 


Process water used at the NDFL is obtained 
from Ventura County Water District No. 10 and 
distributed onsite by the same piping system 
previously used when process water was supplied 
by onsite wells. Pressure is provided by elevated 
storage tanks, one 50,000-gallon and one 500,000- 
gallon tank onsite. While clinically potable, the 
water is not used for drinking. Bottled potable 
water is delivered by a vendor and is not analyzed. 
Water from the pipe system is sampled monthly 
at two locations. The average process water radio- 
activity concentration is presented in table 2. 

Soil, vegetation, and water are sampled monthly 
at Chatsworth Reservoir which is operated by the 
Los Angeles City Department of Water and Power. 
Normally, one water sample is obtained from the 
lake surface and a second sample is obtained from 
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Figure 2. Long-lived airborne radioactivity at Atomics International, 1970 


Table 2. Process water radioactivity, NDFL site 


January-June 1970 





Average 
concentration 
(pCi/liter) 


Type of 
radioactivity 





0.05 
5.6 








the reservoir water supply inlet located on the 
north side of the lake. The lake was drained in 
July 1969 for construction, thereby precluding 
sampling for most of the last half of 1969, and the 
current reporting period. The average radioactivity 
for both surface and supply water samples is pre- 
sented in table 3. 


Table 3. Chatsworth Reservoir water radioactivity, 
Atomics International, January-June 1970 





Average 
concentration 
(pCi/liter) 


Sample* Number of 


samples 


Type of 
radioactivity 





Supply inlet 0.18 
5.9 











* No samples were collected from the lake surface for this period. 


Surface discharged waters from NDFL facilities 
drain into holding reservoirs on adjacent property. 
When full, the main reservoir is drained into Bell 
Creek, a tributary of the Los Angeles River in the 
San Fernando Valley, Los Angeles County. Pur- 
suant to the requirements of Los Angeles Regional 


February 1971 


Water Quality Control Board Resolution 66-49 of 
September 21, 1966, an environmental sampling 
station has been established in Bell Creek Canyon, 
approximately 2.5 miles downstream from the 
south NDFL boundary. Samples, obtained and 
analyzed monthly, include stream bed mud, vege- 
tation, and water. Average radioactivity concen- 
trations in the main holding reservoir and Bell 
Creek samples are presented in table 4. 


Table 4. Radioactivity in the Rocketdyne reservoir 
and Bell Creek,* January—June 1970 





Sample description Number of Alpha _ Beta | 
(units) samples |radioactivity |radioactivity 





Reservoir station 6, water* 
(pCi /liter) 0.05 6.7 
Reservoir station 12, water*___- 
(pCi/liter) .07 7.6 
Bell Creek, mud (pCi/g)------- .34 25 
Bell Creek, vegetation 
i -29 171 


-019 4.0 














* Location not shown on figure 1. 


Soil and vegetation monitoring 


Soil and vegetation are regularly sampled at 25 
locations. Eleven sampling stations are located 
within the boundaries of Atomics International’s 
sites and are referred to as “‘onsite’’ stations. The 
remaining 14 stations, located within a 10-mile 
radius of sites, are referred to as “‘offsite” stations. 
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Surface soil types available for sampling range 
from decomposed granite to clay and loam. Sam- 
ples are taken from the top half-inch layer of 
ground surface. The soil samples are packaged and 
sealed in plastic containers and returned to the 
laboratory for analysis. Radioactivity in soil sam- 
ples is presented in table 5. 


Table 5. Radioactivity in the soil, Atomics 
International, January-June 1970 





| 
| Average 
| Number of | concentration 
samples (pCi/g) 


Type of 
radioactivity 





Onsite p 0.39 


28 
Offsite ‘ 
26 


41 











Vegetation samples obtained in the field are of 
the same plant type wherever possible, generally, 
sunflower or wild tobacco plant leaves. These 
types maintain a more active growth rate during 


the dry season than do most natural vegetation 
indigenous to the local area. Vegetation leaves are 
stripped from plants and transferred to the lab- 
oratory for analysis. Plant root systems are not 
routinely sampled. Radioactivity in vegetation 
samples is presented in table 6. 


Table 6. Radioactivity in vegetation, 
Atomics International, January-June 1970 





Average 
concentration 
(pCi/g ash) 


Number of 
samples 


Type of 
radioactivity 





Onsite 0.41 


169 
Offsite ‘ 
154 


30 














Recent coverage in Radiological Health Data and Reports: 
Period Issue 

March 1970 

August 1970 


January—June 1969 
July-December 1969 





2. Neutron Devices Department * 
January-June 1970 


General Electric Company 
St. Petersburg, Fla. 


The Neutron Devices Department (figure 3) is 
an electronic component production facility. The 
plant maintains an environmental monitoring pro- 
gram to measure the levels of radioactive environ- 
mental contamination associated with plant efflu- 
ents. These measurements serve as an index of 
the effectiveness of the plant’s contamination con- 
trol measures. Sewer effluent, surface water, milk 
and air within 6 miles of the plant are monitored 
for radioactivity. The radioactivity concentra- 
tions, weighted by atmospheric and stream di- 
lution factors, are compared against the AEC 
standards for continuous nonoccupational expo- 
sure as presented in AEC Manual chapter 0524. 


8’ Summarized from ‘Environmental Monitoring, January 
1 through June 30, 1970,” General Electric Company, 
Neutron Devices Department, St. Petersburg, Fla. 
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Sewer effluent monitoring 


A combined sewer effluent sample is obtained 
daily near the perimeter of the plant’s property. 
During the sampling period, 20 of 137 samples 
analyzed showed detectable concentrations of tri- 
tium (detectable level-90 nCi/liter). The maxi- 
mum concentrations (1.10 yCi/liter, detected on 
January 20, 1970) represented 37 percent of the 
continuous nonoccupational exposure guide. 
Calculations based on radioactivity releases from 
the process waste system and the plant’s water 
discharges indicate that the average tritium con- 
centration in the combined sewer effluent for the 
first half of 1970 was less than 7.9 percent of the 
AEC standard for continuous nonoccupational 
exposure. 


Surface water sampling 


Surface water samples are collected at monthly 
intervals at selected locations within 6 miles of the 
plant. The sampling areas are determined by inter- 
relating the concentrations of radioactivity in 
exhaust stack effluent with meteorological data. 
There were no indications of tritium (detectable 
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Figure 3. Location of the Neutron Devices Department 





level-50 nCi/liter) in the 137 surface watersamples Summary 
analyzed during the sampling period. 


Offsite radioactivity concentrations encountered 
Milk sampling results by the general population are substantially lower 


than the AEC standards for continuous nonoccu- 
Analyses of 14 milk samples, collected from one _pational exposure. 


local dairy farm by the Pinellas County Health 
Department, revealed no detectable concentra- 
tions (detectable level-90 nCi/liter) of tritium. 


ee ene 


Air sampling results 


One tritium gas and three tritium oxide in air 
samples obtained at the perimeter of the plant 
property, downwind from the exhaust stack re- 
vealed no detectable amounts of tritium gas (de- Recent coverage in Radiological Health Data and Reports: 
tectable level-20 »Ci/m*) or tritium oxide (de- Period Issue 


te January—June 1969 April 1970 
tectable level-5 nCi/m*). July-December 1969 August 1970 
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Reported Nuclear Detonations, January 1971 


Includes seismic signals presumably from foreign detonations 


There were no nuclear detonations or seismic signals reported by the U.S. Atomic Energy Commission 
for January 1971. 





Information in this section is based on data received during the month, and 
is subject to change as additional information may become available. Persons 
requiring information for purposes of compiling announced nuclear detonation 
statistics are advised to contact the Division of Public Information, U.S. 
Atomic Energy Commission, Washington, D.C. 20545. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished below in 
reference card format for the convenience of readers who may wish to clip them 
for their files. 


THE UPTAKE OF CERIUM-144, PROMETHIUM-147, AND PLU- 
TONIUM-238 BY OAT PLANTS FROM SOILS. S. L. Cummings and L. 
Bankert. Radiological Health Data and Reports, Vol. 12, February 1971, pp. 83-85. 


The uptakes of cerium-144, promethium-147, and plutonium-238 by oat 
plants were determined for nine soils, and promethium-147 and plutonium-238 
uptakes compared with cerium-144 uptake. The percentage uptake values for 
all three radionuclides were very low, ranging from 10~* to 10-* percent. Ni- 
trogen and potassium fertilizers increased the uptake of promethium-147 by 
oat plants from an Amite soil. Because the amount of cerium-144, promethium- 
147, and plutonium-238 taken up by plants from soils is very small, the health 
hazards to man by the soil-plant-man pathway from these radionuclides will 
probably be negligible at the levels used in this study. 


KEY WORDS: cerium-144, fertilizers, oat plants, plutonium-238, promethium- 
147, soils, uptake. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 


is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 


consideration nor have appeared in any other publica- 
tion. 


The mission of Radiological Health Data and Reports 
is stated on the title page. It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Editor, Radi- 
ological Health Data and Reports, Radiation Office, 
EPA, Rockville, Md. 20852. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiological Health Data and Reports. In addition, 
Radiological Health Data and Reports has developed a 
“Guide” regarding manuscript preparation which is 
available upon request. However, for most instances, 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 





Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 





Methods: For analytical, statistical, and theoretical 


methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 


Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (844 by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 
supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 
ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief 
list of symbols and units commonly used in Radiological 
Health Data and Reports is given on the inside front 
cover of every issue and examples of most other matters 
of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
left of elements in long series or formulas, e.g., 137Cs; 
however, elements are spelled out in text and tables, 
with isotopes of the elements having a hyphen between 
element name and mass number; e¢.g., strontium-90. 


References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
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